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A B S T R A C T

Purpose
Obinutuzumab (GA101), a novel glycoengineered type II anti-CD20 monoclonal antibody, demon-
strated responses in single-arm studies of patients with relapsed/refractory non-Hodgkin lym-
phoma. This is the first prospective, randomized study comparing safety and efficacy of
obinutuzumab with rituximab in relapsed indolent lymphoma. The primary end point of this study
was the overall response rate (ORR) in patients with follicular lymphoma after induction and safety
in patients with indolent lymphoma.

Patients and Methods
A total of 175 patients with relapsed CD20� indolent lymphoma requiring therapy and with
previous response to a rituximab-containing regimen were randomly assigned (1:1) to four
once-per-week infusions of either obinutuzumab (1,000 mg) or rituximab (375 mg/m2). Patients
without evidence of disease progression after induction therapy received obinutuzumab or
rituximab maintenance therapy every 2 months for up to 2 years.

Results
Among patients with follicular lymphoma (n � 149), ORR seemed higher for obinutuzumab than
rituximab (44.6% v 33.3%; P � .08). This observation was also demonstrated by a blinded
independent review panel that measured a higher ORR for obinutuzumab (44.6% v 26.7%; P �
.01). However, this difference did not translate into an improvement in progression-free survival.
No new safety signals were observed for obinutuzumab, and the incidence of adverse events was
balanced between arms, with the exception of infusion-related reactions and cough, which were
higher in the obinutuzumab arm.

Conclusion
Obinutuzumab demonstrated a higher ORR without appreciable differences in safety compared
with rituximab. However, the clinical benefit of obinutuzumab in this setting remains unclear and
should be evaluated within phase III trials.

J Clin Oncol 33:3467-3474. © 2015 by American Society of Clinical Oncology

INTRODUCTION

Rituximab, a chimeric type I anti-CD20 monoclonal
antibody (mAb), has improved outcomes for pa-
tients with aggressive and indolent B-cell non-
Hodgkin lymphoma (NHL), as well as chronic
lymphocytic leukemia (CLL).1-9 Rituximab plus
chemotherapy has improved response rates and
progression-free survival (PFS) in both the first-line
and relapsed/refractory settings compared with che-
motherapy alone and has improved overall survival in

previously untreated patients.1,7,10-12 Approximately
60% of patients with previously untreated indolent
lymphoma and 40% to 50% of those with
relapsed/refractory disease respond to rituximab
monotherapy.13-17 Furthermore, maintenance ther-
apy with rituximab in treatment responders signifi-
cantly prolongs remission in patients with follicular
lymphoma (FL).5,8,18,19 Despite these improvements,
advanced-stage indolent lymphoma remains incur-
able, and attempts to improve the therapeutic benefit
of targeting the CD20 surface antigen are rational.
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Anti-CD20 mAbs are classified on the basis of their modes of
action and CD20-binding properties.20-23 Type I mAbs such as
rituximab induce complement-dependent cytotoxicity, antibody-
dependent cell-mediated cytotoxicity (ADCC), and direct cellular ef-
fects that lead to apoptosis. The extent to which each mode of action
contributes to clinical efficacy is unclear. Conversely, type II mAbs
such as obinutuzumab are potent inducers of ADCC but only weakly
induce complement activation. Type II mAbs also induce nonapop-
totic direct cell death,20,24-26 which is not observed with type I mAbs.
Obinutuzumab is a novel type II anti-CD20 mAb that is designed to
achieve enhanced therapeutic activity relative to rituximab.27

In preclinical studies, obinutuzumab exhibited superior activity
relative to rituximab,26-28 with increased direct cell death induction,
increased ADCC, enhanced B-cell depletion from whole human
blood and lymphoid tissues of nonhuman primates,27,29 and in-
creased antitumor activity in human xenograft models.27,28 A phase I
study in patients with heavily pretreated lymphoma demonstrated
that obinutuzumab (50 to 2,000 mg administered once every 3 weeks
for eight cycles) had an acceptable safety profile, with responses in 43%
of patients.30 The phase I component of the GAUSS study evaluated
obinutuzumab monotherapy (200 to 2,000 mg administered as a
once-per-week dose for four consecutive weeks, followed by mainte-
nance treatment administered every 3 months for 2 years) in patients
with heavily pretreated relapsed/refractory lymphoma or CLL.31 No
maximum-tolerated dose was identified; an overall response rate
(ORR) of 38% was observed, with a 15% response rate in rituximab-
refractory patients.31 On the basis of pharmacokinetic (PK) data and
results from phase I30,31 and II32,33 dose-finding studies, a flat dose of
obinutuzumab 1,000 mg was selected for further evaluation. We per-
formed a randomized phase II study to compare the safety and clinical
activity of obinutuzumab with rituximab in patients with relapsed
CD20� indolent lymphoma.

PATIENTS AND METHODS

Study Design

This was an open-label, multicenter, randomized, phase II study comparing
induction with obinutuzumab versus rituximab monotherapy in patients with
relapsed CD20� indolent lymphoma followed by 2 years of maintenance therapy
innonprogressingpatients.Theprimaryendpointwas investigator-assessedORR
to induction treatment in the FL population. Secondary end points included ORR
inthenon-FLpopulation,completeresponse(CR)andpartialresponserates,PFS,
and safety. The decision to incorporate a blinded response assessment by an
independent review facility (IRF) was made shortly after trial initiation and before
any response assessment to better guide phase III trial planning. The study was
conducted in accordance with the Declaration of Helsinki and the International
ConferenceonHarmonisationguidelinesforGoodClinicalPractice.Theprotocol
was approved by the ethics committees of participating centers and was registered
at ClinicalTrials.gov.

Patient Eligibility

Eligible patients had histologically confirmed CD20� indolent lymphoma
(FL grade 1 to 3a, marginal zone lymphoma [MZL], lymphoplasmacytic lym-
phoma[LPL],orsmall lymphocyticlymphoma[SLL])withoneormorebidimen-
sionally measurable lesions (�1.5 cm) and an indication for therapy. Patients had
received at least one previous rituximab-containing regimen with a documented
response lasting � 6 months after completion of the last rituximab dose. Addi-
tional key entry criteria included age � 18 years, Eastern Cooperative Oncology
Groupperformancestatusof0to2,andlifeexpectancyofmorethan12weeks.Key
exclusion criteriawereCNSlymphoma, evidenceof transformation, hepatitisBor

C or HIV positivity, and significantly abnormal laboratory values. All patients
provided written informed consent.

Initial Staging and Laboratory Assessments

Archival or fresh tissue was required at screening for central evaluation of
histology and tumor CD20 expression. Staging investigations included history
and physical examination; routine laboratory investigation; and computed
tomography (CT) scanning of the neck, chest, abdomen, and pelvis. All radio-
logic images were collected for central review. A bone marrow biopsy was
required unless performed in the previous 3 months. PK serum samples were
obtained before and after each obinutuzumab infusion and for up to 1 year
after the last obinutuzumab dose.

Induction and Maintenance Treatment

For induction, patients were stratified by country and histology and were
randomly assigned to receive four once-per-week intravenous infusions of
obinutuzumab (1,000 mg) or rituximab (375 mg/m2). Patients were premed-
icated with acetaminophen and an antihistamine 30 to 60 minutes before
infusion. Pretreatment glucocorticoids were administered at the discretion of
the treating physician. Obinutuzumab was administered at a graduated infu-
sion rate, as previously published.30,31 Rituximab was administered per stan-
dard institutional practice. No dose reductions of obinutuzumab or rituximab
were planned. If treatment was delayed for more than 4 weeks because of
toxicity, the patient was withdrawn.

After induction, patients with CR, partial response, or stable disease
were eligible to receive maintenance therapy (every 2 months for up to 2
years or until progression) with the same mAb and dose as administered
during induction.

Safety and Response Assessments

Adverse events (AEs) and serious AEs were monitored according to the
National Cancer Institute Common Terminology Criteria for Adverse Events
(NCI CTCAE) version 3.0. Safety assessments were performed at screening
and then continuously throughout the study. Patients were monitored for
clinically relevant infections and grade 3 to 4 treatment-related AEs until 28
days after the last administration of study medication.

Initial response evaluation was performed 28 to 42 days after completing
induction, and included CT scanning of the neck, chest, abdomen, and pelvis,
and bone marrow biopsy (if previously positive and required to document
CR). Patients were re-evaluated by CT scan every 3 months during mainte-
nance, 28 days after the last maintenance dose, and every 6 months for up to 2
years or until progression.

Clinical responses were assessed using standardized lymphoma re-
sponse criteria.34 [18F]fluorodeoxyglucose positron emission tomography
scanning was performed at baseline and at initial induction response
assessment but was considered exploratory and was not incorporated into
response assessments. CT scans were examined by an IRF (consisting of
two primary and one adjudicating radiologist), which independently and
blindly reviewed all images.

Statistical Analysis

Patients who received at least one dose of obinutuzumab or rituximab
were included in the safety analysis. All randomly assigned patients were
analyzed for efficacy, but all statistical testing was performed on the FL popu-
lation. With a sample size of 70 patients with FL in each arm, the one-sided �2

test had approximately 80% power to detect a difference between the ORRs for
the treatment groups of 15% when the � level was .20. Response rates and 95%
Pearson-Clopper CIs were estimated for each group. PFS was defined as the
time from treatment initiation to disease progression, relapse, or death from
any cause. The survival distribution for PFS was calculated using Kaplan-
Meier methodology, and comparisons were made using the log-rank test.
P values were not adjusted for multiple comparisons.

Population PK modeling was performed using nonlinear mixed-effect
modeling software (NONMEM VI; ICON, Dublin, Ireland). Concentration-
time data were assessed using an open two-compartment model, and total
clearance, central compartment volume, intercompartment clearance, and
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steady-state volume of distribution were investigated. B-cell depletion was
defined as CD19� cell counts � 0.07 � 109/L, and recovery was defined as
counts � 0.07 � 109/L after the completion of treatment in patients with
previous B-cell depletion.

RESULTS

Patient Characteristics

Between July 2009 and August 2010, 175 patients with relapsed
indolent lymphoma were enrolled at 74 sites across 15 countries; 149
patients had FL (obinutuzumab, n�74; rituximab, n�75; Fig 1). Of the
26 patients with non-FL, 14 were randomly assigned to receive obinutu-
zumab (MZL, n � 6; SLL, n � 7; LPL, n � 1), and 12 were randomly
assigned to receive rituximab (MZL, n � 5; SLL, n � 5; LPL, n � 2).

Baseline demographic characteristics in the FL population were bal-
anced between arms, and there were no significant differences in clinical

characteristics (Table 1). Patients had received a median of two previous
lines of therapy (obinutuzumab: range, 1 to 7; rituximab: range, 1 to 6).

Treatment Received

Of the 149 patients with FL, 70 in each arm completed all four doses
of induction therapy (Fig 1). In the obinutuzumab and rituximab arms,
62and63patients, respectively,commencedmaintenancetherapy.At the
time of analysis, 37 and 35 patients in the obinutuzumab and rituximab
arms, respectively, had withdrawn during the maintenance phase. The
median number of doses received was 10 for obinutuzumab and 12 for
rituximab.

Efficacy

At the end of induction (week 8), the ORR (investigator assessed)
for the 149 patients with FL seemed higher in the obinutuzumab arm
than the rituximab arm (44.6% v 33.3%; difference, P � .08) and met

Patients with follicular lymphoma randomly assigned
(N = 149)

Discontinued follow-up (n = 25)
)41 = n( DP  

  Insufficient response (n = 1)
)2 = n( htaeD  

  Withdrew consent (n = 2)
)6 = n( rehtO  

Discontinued maintenance (n = 35)
)22 = n( DP  

  Insufficient response (n = 3)
)5 = n( EA  

  Refused (n = 2)
)3 = n( rehtO  

)3 = n( DP
New therapy (n = 4)

Withdrew consent
(n = 1)

Rituximab
(n = 75)

Treated
(n = 74)

Completed induction
(n = 70)

Started maintenance
(n = 63)

Entered follow-up
(n = 52)

)2 = n( EA
)1 = n( DP

Protocol violation (n = 1)

Discontinued follow-up (n = 14)
)4 = n( DP  

  Insufficient response (n = 1)
)2 =n( htaeD  

  Withdrew consent (n = 1)
)7 = n( rehtO  

Discontinued maintenance (n = 37)
)72 = n( DP  

  Insufficient response (n = 1)
)7 = n( EA  
)1 = n( htaeD  
)1 = n( rehtO  

Obinutuzumab
(n = 74)

Treated
(n = 74)

Completed induction
(n = 70)

Started maintenance
(n = 62)

Entered follow-up
(n = 43)

)6 = n( DP
New therapy (n = 1)

)1 = n( desufeR

)3 = n( EA
Protocol violation (n = 1)

Fig 1. CONSORT diagram of patients with
follicular non-Hodgkin lymphoma. AE, adverse
event; PD, progressive disease.
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the study objective, which required a P value of less than .2 for signif-
icance (Table 2). Nine patients in the obinutuzumab arm (12.2%) and
four in the rituximab arm (5.3%) achieved CR or CR unconfirmed
(CRu); this difference was not significant (P � .07). Independent
review also found the ORR to be higher with obinutuzumab versus
rituximab (44.6% v 26.7%; P � .01), but with no difference in
CR/CRu rate (5.4 v 4.0; P � .34). At the end of induction, six
patients in the obinutuzumab arm and three in the rituximab arm
had progressive disease.

During the entire treatment period, response rates increased in
both arms relative to the end of induction. The investigator-assessed
best overall response (BOR) for obinutuzumab and rituximab was
similar during or on completion of maintenance therapy (66.2% v
64.0%), but the proportion of patients achieving CR/CRu was higher
in the obinutuzumab arm (41.9%) than the rituximab arm (22.7%;
P � .006). IRF-assessed BOR was higher for obinutuzumab than
rituximab (63.5% v 49.3%; P � .04), but CR/CRu was not different
(37.8% v 26.7%; P � .07).

An exploratory analysis of the 26 patients without FL demon-
strated higher investigator- and IRF-assessed ORR and CR/CRu rates
for obinutuzumab versus rituximab (Table 2). Responses were seen in
all non-FL subgroups.

Among patients with FL, the median follow-up period was 32
months (range, 0.1 to 43 months). No difference in PFS was observed
between the two arms (Fig 2) with a hazard ratio of 0.93 (95% CI, 0.60
to 1.44). The 2-year PFS was 45.8% (95% CI, 33.5% to 57.3%; median
PFS, 17.6 months) for obinutuzumab and 50.3% (95% CI, 37.7% to
61.6%; median PFS, 25.4 months) for rituximab.

Safety

The safety analysis population included 87 and 86 patients
in the obinutuzumab and rituximab arms, respectively. Most
AEs occurred at a similar incidence in each arm (Table 3). A
higher rate of infusion-related reactions (IRRs; 74% v 51%) and
cough (24% v 9%) was observed in the obinutuzumab versus
the rituximab arm. IRRs were the most frequently observed AE,
and most episodes were grade 1 to 2.

Twenty-six patients (15% in each arm) experienced serious AEs
(Table 4). Most grade 3 and 4 AEs during treatment were IRRs (obi-
nutuzumab, 11%; rituximab, 5%) and occurred during or within 24
hours of the first infusion. No grade 3 or 4 IRRs were reported during
maintenance therapy (Table 4). Treatment was discontinued because
of AEs in 8% of patients in the obinutuzumab arm (three patients
because of an IRR) and in 10% of patients in the rituximab arm (one
patient because of an IRR).

Twenty-nine deaths occurred (18 patients in the obinutuzumab
and 11 patients in the rituximab arm) during the entire study, and of
these, fifteen deaths were a result of disease progression (10 patients in
the obinutuzumab arm and five patients in the rituximab arm).

PKs

The PK analysis revealed that systemic exposure to obinutu-
zumab increased during the once-per-week infusions of the induction
period (Appendix Fig A1, online only). During the maintenance
phase, the maximum concentration of obinutuzumab did not in-
crease compared with the previous infusion, and mean serum trough
concentration values (170 to 209 �g/mL) were maintained over the
course of maintenance treatment (Appendix Fig A2, online only).

Pharmacodynamics/Biomarkers

B-cell depletion in peripheral blood was observed in 96% and
95% of patients receiving obinutuzumab and rituximab, respectively.
B-cell recovery could not be assessed in most patients because of the
development of progressive disease or initiation of new antilym-
phoma therapies. Median interleukin-6 (IL-6), IL-8, and IL-10 levels
increased during the first cycle in both arms, with greater increases for
obinutuzumab versus rituximab. Levels remained close to baseline for
subsequent infusions in both cohorts during the induction period
(Appendix Fig A3, online only). Similarly, both tumor necrosis fac-
tor–alpha (TNF-�) and interferon-gamma levels increased during the
first infusion, with a greater increase noted in the obinutuzumab arm.
Levels returned to baseline and remained stable during subsequent
infusions (data not shown).

Table 1. Baseline Patient and Disease Characteristics of Patients With
Follicular Lymphoma

Characteristic

Obinutuzumab
(n � 74)

Rituximab
(n � 75)

No. (%) No. (%)

Age, years
Median 62 60
Range 33-84 38-80

Male patients 37 (50) 39 (52)
Ann Arbor stage III/IV 58 (78) 63 (84)
ECOG PS

0 61 (83) 59 (79)
1 11 (15) 14 (18)
2 1 (1) 2 (3)
Unknown 1 (1) 0

B symptoms 9 (12) 6 (8)
Bone marrow involvement 20 (27) 25 (33)
Lactate dehydrogenase � ULN 34 (46) 40 (53)
Bulky disease � 7 cm 10 (14) 9 (12)
SPD at baseline, mm2

Median 2,397 1,934
Range 192-29,326 252-11,255

FLIPI score at diagnosis
Low (0-1) 17 (23) 23 (31)
Intermediate (2) 26 (35) 18 (24)
High (3-5) 18 (24) 22 (29)
Missing 13 (18) 12 (16)

Previous treatment
No. of lines of therapy

Median 2 2
Range 1-7 1-6

Stem-cell transplantation 8 (11) 11 (15)
No. of lines of rituximab

Median 1 1
Range 1-4 0-5

Rituximab refractory in any
previous regimen 6 (8) 8 (11)

NOTE. No statistically significant differences between the two treatment
groups were observed (ie, P values � .05, Wilcoxon rank sum test for
continuous variables and �2 test for the categorical variables).
Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance

status; FLIPI, Follicular Lymphoma International Prognostic Index; SPD, sum
of the product of greatest diameters; ULN, upper limit of normal.
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DISCUSSION

The availability of rituximab for the treatment of indolent NHL has
resulted in a significant improvement in patient outcomes. Novel

anti-CD20 mAbs are under evaluation in an attempt to further
improve efficacy. This study is the first randomized trial compar-
ing a novel anti-CD20 mAb with rituximab in patients with indo-
lent lymphoma.

On the basis of investigator and IRF assessments, obinutuzumab
resulted in a higher ORR (a difference of � 11.3% per investigator and
� 17.9% per IRF) at the end of induction, which was the primary end
point of the trial. Investigator-assessed BORs further improved during
and after maintenance but were similar for obinutuzumab (64.0%)
and rituximab (66.2%). However, the quality of remissions was better
with obinutuzumab, with an almost two-fold higher CR/CRu rate
(41.9% v 22.7%; P � .006). On the basis of IRF assessment, the BOR
was better in the obinutuzumab arm (P � .04), but the CR/CRu rate
was not different. Although limited by small sample size, results in
patients with nonfollicular indolent lymphoma demonstrated a favor-
able response with obinutuzumab.

Obinutuzumab has been engineered to potentiate ADCC and
direct cell death compared with rituximab and has lower potential for
complement-dependent cytotoxicity. Although the predominant
mechanism of action in vivo continues to be debated, and may vary on
the basis of histology or the patient’s immune status, both ADCC and
direct cell death seem instrumental to biologic activity.35,36 Preclinical
data have demonstrated the activity of obinutuzumab,26-28 and the
current study provides comparative clinical evidence that supports

Table 2. Response Rates in Patients With Follicular and Nonfollicular Lymphoma

Response Rate

Investigator Assessed IRF Assessed

Obinutuzumab Rituximab Obinutuzumab Rituximab
No. (%) No. (%) No. (%) No. (%)

Patients with follicular lymphoma
No. of patients 74 75 74 75
Response at end of induction

ORR 33 (44.6) 25 (33.3) 33 (44.6) 20 (26.7)
CR/CRu� 9 (12.2) 4 (5.3) 4 (5.4) 3 (4.0)
PR 24 (32.4) 21 (28.0) 29 (39.2) 17 (22.7)

Difference in ORR, % 11.3 17.9
95% CI† �5.1 to 27.6 2.0 to 33.8

P, one-sided, �2 test .08 .01
Best response

BOR 49 (66.2) 48 (64.0) 47 (63.5) 37 (49.3)
CR/CRu‡ 31 (41.9) 17 (22.7) 28 (37.8) 20 (26.7)
PR 18 (24.3) 31 (41.3) 19 (25.7) 17 (22.7)

Difference in BOR, % 2.2 14.2
95% CI† �13.9 to 18.3 �2.4 to 30.7

P, one-sided, �2 test .39 .04
Patients with nonfollicular indolent lymphoma

No. of patients 14 12 14 12
Response at end of induction

ORR 6 (43) 2 (17) 6 (43) 0
CR/CRu 1 (7) 0 1 (7) 0
PR 4 (29) 2 (17) 5 (36) 0

Best response
BOR 8 (57) 3 (25) 7 (50) 2 (17)
CR/CRu 4 (29) 0 4 (29) 1 (8)
PR 4 (29) 3 (25) 3 (21) 1 (8)

Abbreviations: BOR, best overall response; CR, complete response; CRu, complete response unconfirmed; IRF, independent review facility; ORR, overall response
rate; PR, progressive disease.

�P value (one-sided, �2 test) comparing obinutuzumab versus rituximab for CR/CRu at end of induction by investigator assessment was .07 and by IRF was .34.
†Approximate 95% CI for the difference of the two rates was based on Hauck-Anderson method.
‡P value (one-sided, �2 test) comparing obinutuzumab versus rituximab for BOR CR/CRu by investigator assessment was .006 and by IRF was .07.

Randomized treatment
      Obinutuzumab
      Rituximab

P = .74

Hazard ratio = 0.93
(95% CI, 0.60 to 1.44)Pr
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4215 18 21 24 27 30 33 36 39129630
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Fig 2. Progression-free survival of patients with follicular lymphoma treated
with obinutuzumab versus rituximab monotherapy.
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this. Results seen in the rituximab arm (ORR of 33%, as assessed by
investigators) is slightly lower than the ORR of approximately 40%
that was reported in previous studies evaluating rituximab retreat-
ment in patients with FL.15,37 However, in the current study, pa-
tients had a much higher level of previous rituximab exposure,
receiving up to five previous regimens.15 In comparison, the end-
of-induction ORR of 44.6% for obinutuzumab in such highly
pretreated patients with FL was encouraging. However, it should
be stressed that the higher ORR seen with obinutuzumab in this
trial did not ultimately translate into an improvement in PFS
(median follow-up of 32 months).

Recently, the CLL11 trial demonstrated a significant improve-
ment in CR rate (21% v 7%; P � .001) and median PFS (26.7 v 15.2

months; P � .001) with obinutuzumab and chlorambucil compared
with rituximab and chlorambucil in patients with previously un-
treated CLL with coexisting comorbidities.38 The large difference in
PFS observed in CLL11 is in contrast with what was seen in the current
randomized phase II study, which may reflect the limitation of mono-
therapy to achieve prolonged control within this highly pretreated
patient population, or the added benefit of maintenance therapy.
Alternatively, the advantage of obinutuzumab may be augmented
within the context of combined chemoimmunotherapy in view of its
higher capacity to induce direct cell death and to synergize with che-
motherapy. Currently, it remains unknown whether a differential
benefit between mAbs with respect to histologic subtype will be ob-
served as a result of underlying differences in molecular mechanisms

Table 3. Adverse Events During the Entire Treatment Period for All Patients (those with follicular lymphoma and with nonfollicular lymphoma)�

Adverse Event

All Grades Grade 3 to 4

Obinutuzumab (n � 87) Rituximab (n � 86) Obinutuzumab (n � 87) Rituximab (n � 86)
No. (%) No. (%) No. (%) No. (%)

Infusion-related reaction† 64 (74) 44 (51) 10 (11) 4 (5)
Fatigue 23 (26) 17 (20) — —
Cough‡ 21 (24) 8 (9) — —
Upper respiratory tract infection 9 (10) 9 (10) — —
Pyrexia 6 (7) 9 (10) 1 (1) —
Headache 8 (9) 7 (8) — —
Nausea 8 (9) 6 (7) — —
Diarrhea 7 (8) 7 (8) — —
Arthralgia 4 (5) 8 (9) — —
Decreased appetite 8 (9) 3 (3) — —
Asthenia 6 (7) 5 (6) — —
Neutropenia 3 (3) 7 (8) 3 (3) 6 (7)
Dizziness 4 (5) 6 (7) — —
Back pain 7 (8) 3 (3) — —
Bronchitis 7 (8) 3 (3) — —
Peripheral edema 6 (7) 4 (5) — —
Nasopharyngitis 6 (7) 4 (5) — —
Sinusitis 6 (7) 4 (5) — —
Hypertension 2 (2) 7(8) — —
Rash 6 (7) 3 (3) — —
Upper abdominal pain 2 (2) 6 (7) — —

�Occurring in more than five patients in either treatment arm. Unless otherwise noted, the adverse event proportions between the two treatment arms were not
significantly different (Fisher’s exact P value [two-sided] � .05).
†Fisher’s exact P value (two-sided) �.003
‡Fisher’s exact P value (two-sided) �.013

Table 4. Summary of Adverse Events During Induction and Maintenance for All Patients (those with follicular lymphoma and with nonfollicular lymphoma)�

Patients

Induction Maintenance

Obinutuzumab (n � 87) Rituximab (n � 86) Obinutuzumab (n � 73) Rituximab (n � 72)
No. (%) No. (%) No. (%) No. (%)

� 1 AE† 75 (86) 58 (67) 61 (84) 58 (81)
Grade 3 to 4 AE 15 (17) 13 (15) 13 (18) 15 (21)
SAE 5 (6) 7 (8) 8 (11) 6 (8)
Grade 3 to 4 IRR 10 (11) 4 (5) 0 0
Grade 3 to 4 infection 0 4 (5) 3 (4) 2 (3)
Grade 3 to 4 neutropenia 0 1 (1) 3 (4) 6 (8)

Abbreviations: AE, adverse event; IRR, infusion-related reaction; SAE, serious adverse event.
�Unless otherwise noted, the AE proportions between the two treatment arms were not significantly different (Fisher’s exact P [two-sided] � .05).
†Fisher’s exact P (two-sided) � .03.
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or immunologic interactions. Although the absence of improvement
in PFS in this phase II study may partly reflect the limited power to
detect such a difference, demonstration of a clinically meaningful
benefit such as PFS will be required to confirm the efficacy of obinu-
tuzumab in indolent NHL.

The recommended dose of obinutuzumab has been optimized
on the basis of PK and early-phase data.30-33 It is unknown whether
differences in doses administered within this study may have affected
outcome, but in the preclinical setting, the superiority of obinutu-
zumab has been demonstrated when compared with rituximab at
identical doses. The bimonthly maintenance schedule of obinutu-
zumab was selected on the basis of preclinical and clinical PK
data.26-28,31 In the phase I precursor to this study, maintenance was
administered every 3 months; however, trough levels were below the
desired target threshold.31 Thus, in this phase II study, maintenance
was administered every 2 months to maintain plasma obinutuzumab
trough concentrations of more than 25 �g/mL, a level that has been
recommended and achievable with bimonthly rituximab dosing.39

A similar safety profile was observed in each arm, although the
incidence of IRRs and cough was higher for obinutuzumab than
rituximab. Release of various cytokines after rituximab infusion, in-
cluding TNF-� and IL-6, has been found to be the likely cause of IRR
clinical signs and symptoms.40,41 In this study, peak cytokine levels of
IL-6, IL-8, IL-10, TNF-�, and interferon-gamma were notably higher
during the first infusion of obinutuzumab compared with rituximab,
but then returned to baseline without an increase in subsequent infu-
sions. Most IRRs occurred with the first infusion of obinutuzumab,
which provides further support for a role of cytokine release in the
development of IRRs. The etiology of the increased incidence of cough
is not fully understood. Although a proportion of patients experienced
cough as a result of IRRs, many cases of cough were independent of
IRRs or infection and were largely self-limited events. There were no
significant differences in treatment discontinuation rates between the
two cohorts.

In conclusion, this study demonstrates that in patients with re-
lapsed FL, obinutuzumab induces higher response rates relative to
rituximab while exhibiting an acceptable safety profile. However, this
did not translate into an improvement in PFS; therefore, the clinical
value of obinutuzumab in this setting remains unclear. Results are
eagerly awaited from the ongoing GADOLIN trial that is comparing
bendamustine plus obinutuzumab with bendamustine monotherapy
in patients with rituximab-refractory, indolent NHL (NCT01059630)
and the GALLIUM study that is comparing obinutuzumab plus che-
motherapy followed by obinutuzumab maintenance with rituximab
plus chemotherapy followed by rituximab maintenance in patients
with previously untreated indolent NHL (NCT01332968).
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Fig A1. Mean (� standard deviation) obinutuzumab serum concentrations in patients with indolent non-Hodgkin lymphoma after once-per-week administration of
1,000 mg obinutuzumab during the four-cycle induction period. Error bars represent the standard deviation.
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Fig A2. Mean (� standard deviation) obinutuzumab serum concentrations in patients with indolent non-Hodgkin lymphoma after once-per-week administration of
1,000 mg obinutuzumab during the four-cycle induction period and during 11 cycles of maintenance regimen, which consisted of once-every-2-months administration
of 1,000 mg obinutuzumab. Error bars represent the standard deviation.
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Fig A3. Median serum concentrations of (A) interleukin-6 (IL-6), (B) IL-8, and (C) IL-10 in patients with indolent non-Hodgkin lymphoma after once-per-week
administration of 1,000 mg obinutuzumab or 375 mg/m2 rituximab during the four-cycle induction period. C, cycle; D, day; End, end of infusion; Mid, midinfusion; Post,
postinfusion; Pre, preinfusion.
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